Attorney Docket No. 82650 

SYSTEM AND METHOD FOR BONE FIXATION 
Cross Reference to Related Application 

[0001] This is a division of prior application number 10/007,146, filed 

December 3, 2001, which is hereby incorporated herein by reference in its entirety. 

Field of the Invention 

[0002] The invention relates to a bone fixation system and method and, more 

particularly, to a cable anchoring apparatus for using cables to stabilize bones 
relative to each other. 

Background of the Invention 

[0003] It is known to use cables anchored to bones for various medical 

procedures. For example, with respect to the spinal column, several applications are 
apparent. However, one significant limitation with these applications is the need for 
posterior procedures, particularly where anterior procedures would be preferable, 
but whose performance is limited by the space required of current cable anchors in 
the body cavity. Anterior along the spinal column are significant impediments to 
having cable anchor members projecting from the vertebrae in which they are sunk 
such as surrounding viscera including organs, intestines and large blood vessel 
groupings. Another problem is the toggling effect projecting anchors can create with 
tensioned cables extending transverse thereto and thus generating a bending 
movement at the projecting anchor head. 

[0004] Accordingly, there is a need for an improved cable bone fixation 

system, and particularly a system and method that allows for cables to be anchored 
anteriorly along the spinal column with potential for interference with surrounding 
viscera minimized. 
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Summary of the Invention 

[0005] In accordance with the present invention, a system and method for 

maintaining positions of bones fixed or approximated relative to each other is 
provided that is ideal for minimizing interference with surrounding viscera in spinal 
column procedures, although it will be recognized its use is not so limited as the 
robust and secure anchoring provided thereby will be desirable in many bone 
fixation procedures. In the preferred form, a cable anchoring apparatus in the form 
of a screw member having an elongate shank that is threaded for substantially the 
full length thereof is employed. An internal driver surface is provided so that the 
size of the proximate end of the shank can be minimized; in other words, the shank 
proximate end is maintained consistently sized with respect to the reminder of the 
shank, i.e. no enlarged driver head is formed thereat. This allows the amount of 
bone material that is removed from full insertion of the screw anchor to be 
minimized, i.e. no countersinking for an enlarged driver head is necessary, thus 
improving holding power of the cable anchor herein. Further, the full threading of 
the shank for substantially its entire length enables the screw member to be fully 
sunk into the bone so that no portions thereof, such as an enlarged screw head, 
project into the surrounding body cavity in which the bone is located. 

[0006] A flexible cable is attached to the screw to be anchored to the bone and 

for being attached to another anchored cable so that surfaces of bones or bone 
portions having the cables anchored thereto can be approximated in fixed position 
relative to each other. Also, with the screw anchors fully sunk into the bones, the 
cables are able to ride on the bone surfaces to provide them with a large bearing 
surface along their length so as to minimize points of stress concentration therealong 
and the potential for wear these create. 

[0007] Herein, it will be understood that the terms bones or bone portions are 

interchangeable and can refer to distinct bones such as vertebrae in a spinal column 
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or portions of a single vertebrae bone or other bone. Generally, in the single bone 
aspect, the surfaces to be approximated are those at the fracture, whereas with 
distinct bones, it is the facing surfaces of the bones which are the surfaces that are 
desired to be held in substantially fixed positions relative to each other despite 
dynamic motion of the body part, e.g. spinal column, that they support. 

[0008] In terms of procedures or indications in which the cable anchor 

apparatus herein can be used, one typical procedure is in conjunction with 
intervertebral decompression devices such as an adjunct to a cage or barrel used to 
support adjacent vertebrae in a fixed, spaced position relative to each other. The 
preferred spinal levels of use are L5 (fifth lumbar vertebra) - SI (adjacent sacrum 
bone) and L4 (fourth lumbar vertebra) - L5. In this application, two screw anchors 
can be inserted into each bone portion with the cables thereof interconnected by 
connectors such as crimp connectors so that the cables form a criss-cross cable 
pattern as they extend across the gap between the two vertebrae with the cage or 
cages therebetween. The criss-cross cable pattern provides increases resistance 
against the torsional forces that the spinal column generally creates during dynamic 
motion thereof so as to keep the facing vertebrae surfaces approximated and 
minimizes motion of these surfaces that can be detrimental to proper healing and the 
healing process itself. In this regard, the cross-cables also tend to minimize the 
tendency for the decompression cages to back out of the space between the vertebrae 
with motion of the spinal column. 

[0009] The cable anchoring system herein can also be used laterally on the 

spine such as for reducing scoliosis. Depending on the curvature of the spine to be 
corrected, the cable anchors are applied into two adjacent vertebrae with the cables 
thereof tensioned and crimped together via the crimp connector to apply a 
counteracting force against the curvature toward a straightening of the spinal 
column. In a pubis symphysis fracture, the cable screw anchor is inserted into each 
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pubis, and the cables are then connected. In addition to anterior spinal stabilization 
such as with the above-described multiple pairs of cable screw anchors having their 
associated cables connected and tensioned in a criss-cross fashion, lateral spinal 
stabilization can also be accomplished with the present cable screw anchors. The 
cable screw anchors can also be used for posterior spinal stabilization such as to 
secure a laminar fracture. Each cable screw anchor is screwed into the pedicle on 
each side of a spinous process. The tensioned cables pull the fractured part of the 
vertebra into position for proper healing to occur. 

Brief Description of the Drawing s 

[0010] FIG. 1 is a side elevational view of a bone fixation system in accordance 

with the present invention shown applied to adjacent vertebrae in a spinal column; 

[0011] FIG. 2 is a front elevational view of the spinal column of FIG. 1 

showing the cable bone fixation system having cables configured in a criss-cross 
pattern; 

[0012] FIG. 3 is an enlarged side elevational view of the adjacent vertebrae 

showing the cables anchored to the vertebrae bone by screw anchors that are sunk 
into the bone to be substantially flush to the surface thereof; 

[0013] FIG. 3A is a fragmentary view of the screw anchors and cables of FIG. 3 

showing the cables riding on the bone surfaces; 

[0014] FIG. 4 is an enlarged front elevational view of the anchored cables 

configured in a criss-cross pattern for stabilizing adjacent vertebrae in fixed positions 
relative to each other showing crimp connectors for attaching the cables together; 

[0015] FIG. 5 is a cross-sectional view taken along line 5-5 of FIG. 3 showing a 

pair of decompression cages disposed between the adjacent vertebrae to maintain a 
desired spacing between the facing surfaces thereof; 
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[0016] FIG. 6 is a cross-sectional view taken along line 6-6 of FIG. 4 showing 

the screw anchor fully sunk into the vertebrae bone so that it is flush with the bone 
surface at its proximate end; 

[0017] FIG. 7 A is a perspective view of the cable screw anchor showing an 

internal hex driver surface formed at the proximate end of the screw shank; 

[0018] FIG. 7B is a perspective view of the cable screw anchor showing a point 

formed at the distal end of the screw shank for self- tapping of the screw; 

[0019] FIG. 8 is a side elevational view of the screw showing threads for 

substantially the full length of the shank; 

[0020] FIG. 9 is a cross-sectional view taken along 9-9 of FIG. 8 showing the 

peripheral surface configuration of the axial throughbore formed through the length 
of the screw shank; 

[0021] FIG. 10 is a cross-sectional view taken along 10-10 of FIG. 8 showing a 

cable in phantom secured in the throughbore of the shank via a counter-bore 
shoulder surface at the distal end of the shank and an enlarged plug portion at the 
corresponding end of the cable; and 

[0022] FIGS. 11-13 show the installation procedures for inserting the cable 

screw anchors into the vertebrae bones, and connecting and crimping the cables 
across adjacent vertebrae to form the criss-cross pattern thereof; 

Detailed Description of the Preferred Embodiments 

[0023] In FIGS. 1 and 2, a bone fixation system 10 is shown used on the spinal 

column 12, and more particularly on vertebrae bones 14 in the lower lumbar 
region 16 of the spine 12. The system 10 in typical usage is applied to the vertebrae 
bones 14 of the lower lumbar region 16, such as between the L4 and L5 vertebrae 14 
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as illustrated, as well as between the composite vertebrae bones 18 in the sacrum 
region 20 of the spinal column 12, i.e. the L5 and SI vertebrae bones. 

[0024] The bone fixation system 10 herein utilizes flexible cables 22 that are 

secured to the bones 14 by anchor members 24 (FIG. 3), preferably in the form of 
screw anchors 26, as shown in FIGS. 7 A and 7B. The screw anchors 26 include a 
shank 28 preferably of a cancellous material and that is threaded with external 
threads 30 for substantially its entire length from the proximate end 32 to the distal 
end 34 thereof, as can be seen in FIGS. 8 and 10. In this regard, the screw anchors 26 
are preferably headless and can be provided with an internal driving surface 36 
along an internal surface thereof generally designated 37a and an outer surface 
generally designated 37b along which the threads 30 are formed. The internal driver 
surface 36 is preferably formed to be disposed adjacent the shank proximate end 32 
with the distal end 34 forming a point configuration 38 thereat. As shown in 
FIGS. 7A, 7B and 8, the point configuration 38 has a split construction and the 
threads 30 are provided with an aggressive pitch and major /minor diameter 
configuration to provide the screw anchors 26 with a self-tapping ability, as will be 
described more fully hereinafter. 

[0025] With the preferred and illustrated fully threaded and headless screw 

anchor members 26 herein, they can be fully sunk into the bone 14 so that their 
proximate ends 32 lie substantially flush with bone surface 40 as shown in FIG. 6, or 
recessed therebelow if desired. This aspect of the present invention is of particular 
value in the aforedescribed spinal column procedures utilizing the present bone 
fixation system 10. To this end, because the screw anchors 26 can be sunk so that 
they do not project beyond the bone surface 40, the present bone fixation system 10 
utilizing the preferred screw anchors 26 herein allow for anterior procedures to be 
performed on the spinal column 12 with interference with surrounding viscera 
substantially minimized. In addition, toggling effects as can be created by the 
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tensioned cables 22 pulling on the screw anchors 26 in directions transverse to the 
length thereof is substantially minimized by having the cables 22 bearing on the 
bone surface 40 due to the full sinking of the screw anchors 26 in the bone 14. In 
other words, instead of having the cables 22 pulling on an enlarged head of an 
anchor projecting beyond the bone surface 40 such that the cables 22 are spaced 
therefrom with the bending moment this creates at the projecting head, the present 
bone fixation system utilizing the fully sunk anchor members 24 has these forces 
distributed along the length of the cable 22 in engagement with the bone surface 40 
as well as within the screw shank 28, as described hereinafter. 

[0026] Bones 14 generally have an outer cortex material 42 that is stronger 

than the inner material 44 (FIG. 5) thereof so that the cables 22, which are typically of 
stainless steel or titanium strand material, have a durable surface against which they 
bear for minimizing wear of the cables 22. The headless screw anchors 26 herein 
keep the size of their proximate ends 32 to a minimum relative to headed screws so 
that there is no need to countersink the bone 14 near the surface 40 thereof to enable 
the present screw anchors 26 to be fully inserted in the bone 14. Because the screw 
anchors 26 have substantially the same external size or configuration along their 
entire length less the reduced size end point 38 thereof, excess bone material need 
not be removed for the shank end 32 over that needed to accept the remainder of the 
screw shank 28. In this way, with the screw anchors 26 inserted to full depth in the 
bone 14, the amount of the hard cortex material 42 of the bone 14 adjacent the bone 
surface 40 surrounding the shank end 32 is maximized to provide increased 
surrounding bone support and especially with the strongest part of the bone at the 
screw end 32 so that the screw anchors 26 have improved levels of holding power 
and reduced toggling considerations. 

[0027] Referring next to FIGS. 8-10, it can be seen that in the preferred form, 

the screw anchor 26 is cannulated as by including a lumen or throughbore 46 that 
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extends through the screw shank 28 along the central axis 48 thereof and which 
opens at both shank ends 32 and 34. The cables 22 can be secured to their screw 
anchors 26 in any number of ways. As shown, the throughbore 46 has a main, small 
diameter, intermediate section 48 which opens to a larger counterbore section 50 
having a larger diameter at distal end 34 of the screw shank 28, as can be seen in 
FIGS. 8 and 10. A stop surface in the form of an annular shoulder surface 51 is 
formed between the main and counterbore sections 48 and 50 of the throughbore 46. 
The flexible cables 22 include a flexible elongate portion 52 having an enlarged plug 
portion 54 at the rear end thereof so that upon threading the cable 22 through the 
throughbore 46 of the screw shank 28, the plug portion 54 will abut against the 
shoulder surface 51. 

[0028] The througbore 46 is also configured to minimize discrete stress points 

on the cable 22 and specifically the elongate flexible portion 52 thereof. In this 
regard, the main section 48 has a tapered portion 56 thereof where the surface of the 
througbore 46 tapers or flares outwardly relative to the axis 48 as it progresses 
toward the proximate end 32 of the screw shank 28. Since the cable 22 will be pulled 
in a direction transverse to the length of the shank 28 along its axis 47, and 
specifically in a direction substantially perpendicular thereto when connected in 
tension to another anchored cable 22, the tapered portion 56 of the throughbore 
section 48 allows the cable 52 to begin to flex in the direction it is to undertake when 
exiting from the bore 46 at the proximate end 32 of the shank 28. 

[0029] As previously mentioned, the driver surface 36 is preferably formed 

adjacent the shank proximate end 32. For this purpose, the tapered throughbore 
portion 56 opens to an enlarged counterbore section 58 formed at the end of the 
throughbore 46. The counterbore portion 58 provides an opening at the proximate 
end 32 of the shank 28 and is provided with a hex-shaped peripheral surface 60 for 
driving engagement with a correspondingly configured driver such as can be 
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included in the cannulated power-driven tool 61 depicted in FIG. 11. Cannula ted 
hand drivers can also be utilized. Again, in the interest of minimizing stresses along 
the flexible cable portion 52, the outermost edge of the hex surfaces 60 are radiused 
at 62 so that when the cable 22 is bent thereabout, it is not exposed to any sharp 
edges that can create points of weaknesses therein with the cable tensioned and set 
in this fashion which can span significant lengths of time, e.g. several months, to 
achieve the necessary healing, i.e. bone union or fusion, before the fixation system 10 
herein can be removed. 

[0030] Accordingly, as can be best seen in FIG. 10, the wall thickness of the 

shank 28 between the inner and outer surfaces 37a and 37b thereof varies along the 
shank length, with its maximum thickness extending along the majority of its length 
at 28a, i.e. along the main bore section 48. The shank 28 has thinner wall sections 
28b-28d toward the proximate and distal ends 32 and 34 thereof due to the presence 
of the counter bores 50 and 58, and the tapered bore portion 56, with the lengths 
thereof being minimized to have little to no effect on the robust holding power 
provided by the present screw anchors 26 when screwed into bones 14. To this end, 
only a single full-sized thread 30a is generally radially aligned with the 
counterbore 50, and a single thread 30b is generally radially aligned with 
counterbore 58. Four threads 30 are disposed on the thicker wall portion 28a of the 
shank 28, with only one thread 30c thereof formed on the gradually thinning wall 
portion 28d so as to be generally radially aligned with the tapered bore portion 56. 
In this manner, the majority of the threads 30 with respect to any of the wall 
portions 28a-28d are formed on the cannulated screw anchor 26 at the shank wall 
portion 28a where it is thickest to maximize the strength of the externally threaded 
shank wall and the holding power provided thereby when screwed into a bone 14. 

[0031] Continuing reference to FIG. 10, the preferred configuration of the 

screw anchor 26 will next be described. By way of example and not limitation, the 
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length of the screw shank 28 between the ends 32 and 34 thereof is approximately 
0.787 inch. The major diameter of the threads 30 at their crests 31 can be 
approximately 0.256 inch with a minor diameter taken at their root 33 of 
approximately 0.126 inch. The pitch between adjacent threads 30 at corresponding 
locations on the crests 31 thereof is approximately 0.1063 inch. With the above- 
dimensions, the length of the counterbore 50 is approximately 0.24 inch and the 
length of the counterbore 58 is approximately 0.09 inch corresponding to the lengths 
of the screw shank wall sections 28b and 28a. The taper provided at the bore section 
56 is approximately seven degrees from the axis 47 and the wall section 28d extends 
for approximately 0.173 inch. The main wall section 28a thus has the greatest length 
of approximately 0.284 inch. In this manner, the present screw anchors 26 are 
provided with threads 30 having a good purchase for high holding power thereof 
while keeping the shank wall thickness to a maximum for providing the screw 
anchor wall 28 with high strength when screwed into bones 14 as anchors for 
tensioned cables 22 connected thereto. 

[0032] The installation procedures of the present bone fixation system 10 

utilizing the screw anchors 26 in a spinal column application will next be described. 
If not already preassembled as by a press-fitting of the plug 54 in the bore 50, the 
screw anchor 26 is assembled by threading the cable 22 through the througbore 46 
until the plug 54 abuts against the stop shoulder surface 51 therein. After incision to 
access the spinal column 12 anteriorly thereof, the cable portion 52 is threaded 
through the cannulated driver 61 for being threaded into the vertebra 14. The driver 
turns the shank 28 about its axis 47 until it is advanced either in a predetermined 
predrilled lactation or by self-tapping until the proximate end 32 is flush or recessed 
below the bone surface 40. In one preferred application of the present cable bone 
fixation system 10, it is used as an adjunct to decompression devices such as a cage 
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or cages 66 that are inserted in gap 64 between adjunct vertebra 14a and 14b to be 
stabilized. 

[0033] The cages or barrels 66 can have an outer ribbed configuration to 

provide them with a gripping action on the facing surfaces 68 and 70 of the 
vertebrae 14a and 14b. To further reduce or resist motion of the vertebrae 14a and 
14b that may cause the cages 66 to shift or back out of the vertebrae gap 64, a criss- 
cross cable pattern 63 is employed. As shown in FIGS. 12 and 13, the pairs of screw 
anchors 26 are spaced laterally in their respective vertebrae 14a and 14b, to be in 
vertical alignment, and generally above and below the pair of decompression 
cages 66. For forming the criss-cross pattern 63, the screw anchors 26 that are offset 
vertically from each other have their respective cable portions 52 connected together 
so that the connected cables 22 cross each other approximately midway along the 
vertical distance that the screw anchor pairs are spaced, which preferably is aligned 
with the gap 64 between the vertebrae 14a and 14b. In this way, any twisting or 
torsional forces acting between the vertebrae 14a and 14b is better resisted. As is 
apparent, twisting in both directions about the spinal column 12 will be resisted by 
the connected cable pairs that extend transverse to the general vertical orientation of 
the spine 12. 

[0034] As can be seen in FIG. 12, the cable portions 52 freely hang from the 

bones 14a and 14b after their respective screw anchors 26 have been inserted therein. 
These cable portions 52 are passed through opposite ends of a connector in the 
form of a generally cylindrical crimp connector 72. To form the criss-cross 
configuration 63, the cable portions 52 from the vertically offset screw anchors are 
passed through the crimp connector 72, so that the connected cables cross each other 
approximately midway along the vertical spacing between the pairs of screw 
anchors 26 and preferably aligned at the vertebra gap 64, as previously discussed 
and shown in FIG. 13. Thereafter, crimping and tensioner mechanisms (not shown) 
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are applied to the cylindrical body of the crimp connector 72 either separately or in 
combination. The tensioner applies an appropriate tension to both free end 
portions 52 of the cables 22 followed by the crimping tool crimping the connector 72 
to retain the tension in the cable portions 52. The crimper and tensioner mechanisms 
are then removed, and a cable cutter cuts the free projecting portion 74 of the cable 
portions 52 on each side of the crimp connector 72 with the cut cable portions 74 
removed. 

[0035] While there have been illustrated and described particular 

embodiments of the present invention, it will be appreciated that numerous changes 
and modifications will occur to those skilled in the art, and it is intended in the 
appended claims to cover all those changes and modifications which fall within the 
true spirit and scope of the present invention. 
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